The objectives of this study were to determine the effect of light enhancement and hastened reproductive development on nitrogen and dry matter accumulation by field-grown soybean (Glycine max [L.] Meff.).
The uptake ofsoil nitrate and its reduction via leaf NR2 activity has been cited as the primary means of N assimilation during vegetative growth in soybean (9) . During subsequent development, symbiotic N2 fixation via root nodule nitrogenase activity increases to become the dominant source of nitrogen during podfill. Although the relative contributions of these two N sources vary greatly with the N content of the rooting medium (7, 12) , both are energy expensive and reliant upon available photosynthate.
On a seasonal basis, canopy photosynthetic rates for fieldgrown soybean have been reported to be at maximum during flowering and early podfill, followed by sharp decline during late podfill (4, 10, 19 via leaf NR activity and maximum rates of root nodule nitrogenase activity have also been associated with flowering and early podfill, respectively (7, 14, 15, 23) . While comparisons among genotypes of varying maturity have been made, no attempt has been made to alter the timing of reproductive development within a single genotype and to measure the resultant impact of this change on these nitrogen assimilatory enzyme systems.
The addition of supplemental light to field-grown soybean has previously been reported to increase dry weight accumulation and seed yield (13) . Photosynt-hetic enhancement through CO2 enrichment increased the assimilation of nitrogen by soybean in previous work (5, 6, 8) . Partial or complete pod removal has been reported to delay visible leaf and root nodule senescence and result in enhanced total N assimilation by soybean (15) . However, subsequent reports have indicated that while visible sensecence (leaf yellowing and loss) was delayed in depodded and male sterile soybean, functional senescence (decline in CER) was not delayed and may be enhanced in male sterile and depodded plants relative to seed-bearing controls (1, 10, 22, 25, 26) . Consistent with these reports, Crafts-Brandner et al. (2, 3) reported no delay in leaf or nodule functional senescence and no increase in N assimilation by soybean in response to pod removal.
The objectives defined for this study were to determine the effect of light enhancement and hastened reproductive development on nitrogen and dry matter accumulation by field-grown soybean. The impacts of increased photosynthate supply and altered reproductive timing on the season-long profiles of leaf NR and root nodule AR activity were evaluated. The study was expanded in its second year to include an examination of the effect of soil-applied nitrogen on leaf NR activity in a lightenhanced environment. Responding to early flower and seed development, a significantly more rapid decline in leaf NR activity was observed for short photoperiod-exposed plants than for control plants in 1978 (Fig. 2) leaf NR activity where high levels of substrate were available. The absence of root nodule competition under high soil nitrogen conditions is also a likely contributor to the positive response of leaf NR activity in this light-enhanced environment.
MATERIALS AND METHODS

Plant
Time course profiles of root nodule fresh weight support a suggested early increase in plants which flowered and began seed development early (Fig. 2) . F tests indicate the effect of reproductive timing to be significant in both years. An early increase in nodule weight for short photoperiod plants was significant in 1979 only, though nodule weight profiles were similar in appearance for the 2 years. Short photoperiod exposure and short photoperiod plus light enhancement also resulted in early increases in root nodule AR activity relative to the control in 1979 (Fig. 2) . Early increases in nodule fresh weight and AR activity noted for plants entering flowering and podfill early (both with and without light enhancement) in 1979 indicated an increased supply of photosynthate was available to the root nodules during the early portions of these developmental stages. This association may be attributed to decreased competition for photosynthate as leaf NR declines in the absence of sufficient nitrate, sink enhancement of photosynthesis, or to an increased partitioning of photosynthate to the root nodules under hormonal control. At later sampling times, root nodule fresh weight (both years) and AR activity (1979) in short photoperiod plants also declined more rapidly than did controls. This response was associated with early visible and functional leaf senescence and maturity as observed for these plants. Thus, the timing of reproductive development was associated with the rise and decline of nodule development as well as with leaf NR activity. The addition of high levels of soil-applied N almost completely eliminated root nodule development (Fig. 2) as was expected based upon previous reports (8, 12) . The repression of root nodule develoment by soil-applied nitrogen was not overcome by light enhancement indicating controls other than simple competition for photosynthate in high N environments (Fig. 2) .
Light enhancement resulted in a significant increase in total N accumulation in normal flowering and early flowering plants relative to their respective controls in 1978 (Table I ). This result was consistent with the elevated root nodule fresh weight observed for light-enhanced plants. In agreement with these results, supplemental light and CO2 enrichment have previously been reported to increase total N assimilation in soybean (5, 6, 8) . Light enhancement did not significantly affect total N accumulation in 1979 or the partitioning of nitrogen to the seed fraction (N harvest index) in either year (Tables I and II) . Increased plant dry weight at maturity (pods, stem, and seed only) resulted from light enhancement in both normal and early flowering plants in 1978 (Table I) as was indicated by higher rates of accumulation during the season (Fig. 1) . The lack of dry weight advantage for light-enhanced plants in 1979 was apparently associated with dry conditions in that year.
Light enhancement resulted in significant seed yield increases in control plants in 1978 and in early flowered plants in both years (Tables I and II ). An increased seed dry weight harvest index contributed to the yield increases noted for early flowering reflector-exposed plants in 1979 only (Table II) . Elevated temperature may also have contributed to increased seed yield in the light-enhanced environment. Thermister measurements of abaxial leaf surfaces documented temperature increases of up to 1.5°C over that of leaves on controls under midday field conditions. Jeffers and Shibles (11) suggested that soybean leaves light saturate at slightly lower levels when grown at temperatures elevated from 25 to 30C. Thomas and Raper (24) found that the rate of seed filling was increased at 26 to 30°C when compared with that at 16 to 180C.
The application of high levels of nitrogen (1979 only) had no significant impact on seed yield or upon any of the harvest characteristics, which were evaluated.
In summary, the timing of both seasonal decline in leaf NR activity and increase in root nodule fresh weight and AR activity were associated with flowering and beginning podfill. Soil-applied nitrogen increased leaf NR activity and delayed decline. Light enhancement had little impact on leaf NR activity unless high levels of nitrate were made available. Nitrate supply was therefore implicated as limiting to leaf NR activity when decline occurs during these reproductive stages. Photosynthate supply was implicated as a limitation to leaf NR during this period only where nitrate supply was nonlimiting. " Light enhancement was accomplished using reflector panels positioned at a 45°angle on either side of treated rows throughout the season.
c Treatment combined light enhancement plus hastened flowering and podfill. 
